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New anomalous exchange in Regge phenomenology and hard diffraction
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A new mechanism for hard diffraction based on the anomalous f1 trajectory exchange, which we identify as the
odd signature partner of the Pomeron, is suggested. We calculate the contribution of the f1 exchange to elastic
and dissociative electromagnetic production of vector mesons and show that it gives a dominant contribution to
the differential cross sections at large momentum transfers.
1. Introduction
Understanding the mechanisms of diffraction at
large energies is one of the main topics in QCD
[1]. This interest comes from the possibility that
the fundamental problems of QCD in the diffrac-
tive processes are related to the perturbative and
nonperturbative quark-gluon interactions. One of
such problems is the role of the complex struc-
ture of QCD vacuum in parton scattering. A
well-known fact is that at large energies the dom-
inant contribution to the parton-parton scatter-
ing cross sections comes from the exchange which
has the vacuum quantum numbers. At small mo-
mentum transfers this exchange can be success-
fully described by the famous Pomeron which has
P = C = +1 and even signature. If the virtual-
ities of the quarks and gluons are large enough,
then the hard BFKL Pomeron, based on pQCD,
would play an important role. When the virtu-
alities of the partons are small, the QCD vac-
uum structure becomes very important, where
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the soft Pomeron contribution is dominant phe-
nomenologically. The relations between the soft
Pomeron properties and the QCD vacuum struc-
ture are widely under discussion [2]. The most
interesting idea is relating the unusual properties
of the Pomeron trajectory, e.g., its high intercept
and small slope, with the existence of the scale
anomaly in QCD [2].
There is another class of diffractive process,
i.e., the hard diffraction at large t and small vir-
tualities of initial and final particles, which has
been much less studied experimentally and the-
oretically. In this process, colourless exchanges
between partons are involved having large mo-
mentum transfers. The simplest example of such
reactions is elastic hadron-hadron scattering at
large t. It should be mentioned that the first
data from ISR on pp elastic scattering at large
t have already shown some unexpected results,
e.g., only one diffractive minimum was observed
instead of the set of minima anticipated from the
multi-Pomeron exchange picture. In order to ex-
plain such phenomena, the Odderon exchange hy-
pothesis, which has P = C = −1 and intercept
αO(0) ≈ 1, has been suggested [8]. The pecu-
liarity of such exchange is in its negative charge
2parity, which should lead in particular to the dif-
ference between the pp and the pp¯ scattering cross
sections at large energies. However it was also
claimed that the modern data on pp and pp¯ elas-
tic scattering could be explained without intro-
ducing the Odderon exchange at least at t = 0
[3].
New data on large t hard diffraction are now
available from HERA [4–6]. These data show
unusual energy dependence of the cross sections
for vector meson electromagnetic production and
thus call for new ideas as they are difficult to ex-
plain within the conventional mechanisms based
on the soft Pomeron exchange. Recently we sug-
gested a mechanism [7] to understand these data
by introducing a new anomalous f1 exchange in
Regge theory, which corresponds to an effective
trajectory with a high intercept αf1(0) ≈ 1 and
small slope α′f1 ≈ 0. This exchange has the quan-
tum numbers of the flavor-singlet axial-vector
f1(1285) meson, i.e., P = C = +1 and odd signa-
ture, and can be considered as the natural partner
of another anomalous Regge trajectory, i.e., the
Pomeron, which has even signature and the same
parities P = C = +1. Moreover we have shown
that the f1 exchange allows us to understand the
anomalous behavior of the spin-dependent struc-
ture function g1(x) at low x and the universal be-
havior of the differential cross sections for elastic
pp and pp¯ scattering at large momentum trans-
fers. The quantum numbers of this trajectory
(P = C = +1) are different from those of the
Odderon (P = C = −1) [8] and can be verified
by experimental measurements on several spin-
dependent cross sections [7,9].
2. Elastic electromagnetic production of
vector mesons and f1 exchange
Among the possible effective quark-quark in-
teractions, there are only two kind of vertices,
γµ⊗γµ and γµγ5⊗γµγ5, which survive at high en-
ergies and whose Lorentz structure does not lead
to the quark helicity-flip process at large energy
s and small momentum transfer −t ≪ s. The
spin-flip property of the quark-quark scattering
is very important for the high energy behavior of
the corresponding scattering amplitude because
any spin-flip amplitude should be suppressed by
additional factors t/s due to total angular mo-
mentum conservation. Therefore only the above
mentioned Lorentz structures can lead to non-
vanishing cross sections at large energies in the
forward scattering limit.
The vector-like structure γµ ⊗ γµ has been
suggested many years ago as a possible effec-
tive interaction induced by the soft Pomeron ex-
change [11]. This structure has enjoyed much suc-
cess in the description of many hadron-hadron,
lepton-hadron and photon-hadron reactions at
small |t| region (|t| ≤ 1 GeV2), as well as their
total cross sections, once the phenomenological
Pomeron trajectory and form factors are used.
However the possible existence of the other im-
portant structure γµγ5 ⊗ γµγ5 has not been no-
ticed seriously until Ref. [7]. It should be em-
phasized that the effective interactions for both
anomalous exchanges have the structure of the
product of two vector or axial-vector currents:
JPµ ⊗ J
P
µ for the Pomeron and J
a
5µ ⊗ J
a
5µ for the
f1 exchange. The similarity of the Lorentz struc-
ture of both exchanges has probably a deep origin.
The Pomeron current is expected to be connected
with the non-conserved dilaton current whose di-
vergence is given by the scale anomaly, and the
f1 anomalous exchange is related to the non-
conserved axial vector current whose divergence
is given by the axial anomaly [7]. The connection
between these anomalous exchanges would also be
natural in SUSY QCD where only some definite
chiral combinations G2 ± iGG˜ correspond to su-
perfields [12], which leads to an expectation that
these trajectories are degenerate in SUSY QCD.
On the hadronic level the anomaly manifests
itself in unusual decay rates. The famous ex-
ample is the axial anomaly in pi0 → γγ decay
due to triangle graph contribution to the transi-
tion amplitude. The large mass of the η′ meson
is also related to the large mixing of this flavor
singlet with gluons due to axial anomaly. Re-
cently it was suggested that abnormal properties
of Pomeron trajectory would be explained by the
large mixing between glueball and qq¯ trajecto-
ries [10]. In the axial vector channel the lowest
meson state with the appropriate quantum num-
bers, I = 0 and P = C = +1, is the f1(1285).
3This flavor-singlet axial vector meson can couple
to the quarks through mixing with a two gluon
state due to triangle anomaly. In accordance with
the Landau-Yang theorem the coupling of 1++
state to two gluon state vanishes for on-shell glu-
ons. Therefore the intermediate gluons should
be highly virtual to give a contribution to the
f1qq coupling and we thus consider f1qq vertex
as point-like.
The diffractive electromagnetic production of
vector mesons is one of the appropriate processes
for testing different perturbative QCD and QCD-
inspired nonperturbative models for quark-quark
scattering. Recently new experimental data on
photo- and electro-production of ρ, ω and φ
mesons at large energyies W ≈ 100 GeV, and
large momentum transfers, up to −t ≈ 2 GeV2
in elastic production and up to −t ≈ 11 GeV2 in
low-mass dissociation, have been reported [4,5].
At small |t| and large W , the fixed-target pho-
toproduction data have been described success-
fully within the soft Pomeron exchange models
with the universal Pomeron trajectory αsoftP (t) =
1.08 + 0.25t. But the reported new data violate
this universality at large |t| region [4]. In order
to describe such observations in terms of Regge
trajectories, an additional Pomeron, called hard
Pomeron, with the trajectory αhardP = 1.4 + 0.1t
has been proposed [13]. However it is not yet
certain whether this approach can also describe
the energy independence of the elastic pp and pp¯
cross sections at large energies and momentum
transfers.
In a recent paper [7] we have shown that the
anomalous f1 exchange can describe both the
elastic hadron-hadron and ρ/φ photoproduction
cross sections in a consistent way. In the calcu-
lation of the f1 exchange contribution to ρ and
φ photoproduction, we have assumed a specific
phenomenological form factor in the f1V γ vertex,
which we would like now to relax. Furthermore
the strength of this vertex was fixed from the de-
cay width of f1 → γV , which is a questionable
procedure for parameters to be used in high en-
ergy scattering where the quark structure of the
hadrons is important. Moreover the absence of
experimental data on the f1 → γω decay did not
allow us to estimate the f1 exchange contribution
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Figure 1. Pomeron exchange contribution to vec-
tor meson production.
to ω meson photoproduction.
In this work we use a method similar to that
used to calculate the Pomeron exchange contri-
bution to vector meson production in Ref. [11].
We then generalize the approach to include the
f1 exchange process in the same production am-
plitude. One important feature of this approach
is that we have less parameters for photoproduc-
tion and that it can be generalized straightfor-
wardly to electroproduction. The Pomeron ex-
change contribution in the electromagnetic pro-
duction of vector mesons is presented in Fig. 1.
The soft Pomeron contribution to transverse vir-
tual photoproduction cross section at large energy
reads
dσTP
dt
=
27m3V β
2
uβ
2
fΓ
V
e+e−
piαem
(
s
s0
)2α(t)−2
×
[
F1(t)
√
1− t/2m2V
(Q2 +m2V − t)
]2
F (t, Q2), (1)
where the factor F (t, Q2) accounts for the nonlo-
cality of the Pomeron-quark vertex.
The contribution of the f1 exchange to vector
meson electromagnetic production (Fig. 2) is ob-
tained in a similar manner as in the calculation
of the Pomeron exchange amplitude. The main
difference lies on the substitution of γα matrix
in the effective Pomeron-quark vertex by γαγ5 in
the effective f1-quark vertex. Note that we do not
have any new free parameters for this exchange
since the coupling constant gf
1
ff is fixed by
gf1ff = gf1NN , (2)
which can be obtained using a constituent quark
picture for the nucleon wave function. It should
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Figure 2. f1 exchange contribution to vector me-
son production.
be mentioned that this relation is different from
the additivity of the Pomeron coupling, i.e.,
gPNN ≈ 3gPqq. What Eq. (2) implies is that
the axial vector coupling is sensitive only to the
spin of the particle. In our calculation we use
gf1NN = 2.5 that is obtained from the analyses
of the f1 contribution to the proton spin (see Ref.
[7]). Then the final form for the f1 exchange con-
tribution to transverse virtual photoproduction
cross section is (for αf1(0) = 1 and α
′
f1
= 0)
dσTA
dt
=
3m3V g
4
f
1
NNΓ
V
e+e−
piαem
×
[
Ff
1
NN (t)
√
1− t/2m2V
(Q2 +m2V − t)(t−m
2
f
1
)
]2
, (3)
where Ff1NN is the flavor singlet axial vector
form factor of the nucleon. In Fig. 3 we present
the calculated differential cross sections for vector
meson (ρ, ω, φ) photoproduction together with
the experimental data [4,14]. The parameters are
βu = βd = 2 GeV
−1, βs = 1.5 GeV
−1 and s0 = 4
GeV2.
One can see that our model reproduces the ex-
perimental data successfully. It should be men-
tioned that the f1 contribution dominates over
that of the Pomeron in the large |t| region. This
dominance is closely related to the slow decrease
of the flavor singlet axial vector form factor of
the nucleon with respect to |t| as compared with
that of the electromagnetic form factor, and to
the different slopes of the trajectories.
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Figure 3. The differential cross sections for (a) ρ
meson at W = 94 GeV, (b) ω meson at W = 80
GeV and (c) φmeson photoproduction atW = 94
GeV. The dashed and dot-dashed lines are the
Pomeron and the f1 exchange contributions, re-
spectively, while the solid lines show the results
by including the two exchanges. The experimen-
tal data are from Refs. [4,14].
3. f1 contribution to vector meson photo-
production in proton dissociation
The recent report on vector meson photopro-
duction at large t in proton dissociation by the
ZEUS Collaboration [5] shows a surprising be-
haviour of the differential cross sections. The
differential cross section data have very hard t
dependence. The observed data have 1/t3 de-
pendence instead of the 1/t4 dependence which
is expected from the pQCD approach. Within
our model the dominant contribution to the pro-
ton dissociation at large t comes from the f1 ex-
change between the proton quarks and the quark-
antiquark pair arising from the photon. It was
mentioned that it would be a good approxima-
tion to consider the f1-quark vertex as a point-
like vertex. Thus the main difference between the
f1 contributions to elastic [Eq. (3)] and dissocia-
tive production of vector mesons is the absence
of the proton form factor in the formula for the
differential cross section,
dσdissf1
dtdx
=
∑
i
qi(x, t)
3m3V g
4
f
1
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Figure 4. The differential cross section for ρ me-
son photoproduction in proton dissociation pro-
cess atW = 100 GeV. The solid and dashed lines
are the f1 exchange contribution with zero slope
and with α′f1 = 0.025 GeV
−2, respectively. The
experimental data are from Ref. [5].
×
[ √
1− t/2m2V
(Q2 +m2V − t)(t−m
2
f
1
)
]2
, (4)
where qi(x, t) is the distribution of i-quark (i =
u, d, s) in the proton, x = −t/(M2x − t) and Mx
is the mass of the dissociative system. In Fig. 4
we show the results of our calculation together
with preliminary ZEUS data [5]. We have used
the ZEUS cut x > 0.01 and LO GRV98 [15] par-
tonic distributions. The agreement with the ex-
perimental data is rather good. The deviation at
large t may be due to the manifestation of non-
zero (although small) slope of the f1 trajectory
(dashed line) or the deviation from the locality of
the f1-quark vertex.
4. Summary
We have calculated the f1 anomalous trajec-
tory contribution to vector meson electromag-
netic production and have shown its important
role in differential cross sections at large momen-
tum transfers. The proton dissociation at large
t is one of the processes where the contribution
from the f1 exchange is very large. We have
shown that the additional anomalous trajectory
can explain preliminary ZEUS data reasonably.
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